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A Thermal Model for Measurements of Aircraft Propellant Mass Based on the 


Thermal Propellant Gauging System Method (TPGS) 


HU Zhen-wen', SUN Ke-xing’, AI Qing", XING Dong', ZHANG Gao-xiong’, XIA Xin-lin! 
(1. School of Energy and Power Engineering; Harbin institute of Technology, 15000, Harbin 
2. Shanghai Institute of Satellite Engineering, 201109, Shanghai) 
Abstract: This paper is based on Thermal Propellant Gauging System method (TPGS) to measure propellant mass in microgravity. A 
thermal analysis model for aircraft propellant system coupled effects of space environment. Taking the effects of the outside 
environment as Neumann boundary condition. Decouple the calculations of thermal analysis and distribution in phase of gas and liquid. 
Providing a methodology for accurate thermal analysis of Thermal Propellant Gauging Method. Utilized this method analyzed a 
temperature field of propellant system. Utilized numerical simulations to calculate the heating process of Thermal Propellant Gauging 
Method and obtain the temperature distribution of propellant system. According to the temperature response of monitor point, the mass 
of propellant was calculated. It was found that the outside environment has a vital effects on thermal distribution of propellant tank. 
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Fig. 2 The diagram of coupled computation process 
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Fig. 1 The schematic diagram of heat transfer model when 


in the orbital motion 
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Fig. 3 The geometry model of Propellant Gauging System 


4 JE eti Sell E 
Fig. 4 The mesh of the tank 
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Fig. 5 The distribution of liquid-phase volume fraction in the 


tank when the remaining mass of propellant is 60 kg 
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Fig. 6 The distribution of liquid-phase volume fraction in the 


tank when the remaining mass of propellant is 40 kg 
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Fig. 7 The temperature distribution in the tank when applied 


TPGS method to heat the system for 25 h. a) the remaining mass 


of propellant is 40 kg, and b) the remaining mass of propellant is 


60 kg 
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Fig. 8 The temperature of monitor point for different remaining 


mass of propellant when applied TPGS to heat the tank for 25 h. 
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